Many different extraction and analysis methods exist to determine the protein fraction of 2 microbial cells. For metabolic engineering purposes it is important to have precise and 3 accurate measurements. Therefore six different protein extraction protocols and seven protein 4 quantification methods were tested and compared. Comparison was based on the reliability of 5 the methods and boxplots of the normalized residuals. 6
Cell lysis using EasyLyse™-kit (Easylyse) 1
Cell lysis using the EasyLyse™-kit (Epicentre ® Biotechnologies, BIOzymTC, Landgraaf, 2 Netherlands) was done as recommended by the supplier in the EasyLyse Bacterial Protein 3 Extraction Solution manual. 4 2.2.3 Cell lysis using BugBuster ® Protein Extraction Reagent (Bugbuster) 5
Cell lysis using BugBuster ® Protein Extraction Reagent (Novagen ® , Leuven, Belgium) was 6 done as recommended by the supplier. 7
Cell lysis by SDS/chloroform treatment (SDS_Chl) 8
Cell lysis by SDS/chloroform treatment was done following the protocol described by Miller 9
[5] with some modifications. The culture solution was diluted with physiological solution to a 10 2x diluted culture solution (1:1 v:v). To 1 ml diluted culture solution 50 µl 0.1 % SDS and 11 100 µl chloroform was added and this was vortexed during 10 s followed by centrifugation at 12 18000 g during 5 min (Heraeus Biofuge Stratos, Goffin-Meyvis, Hoeilaert, Belgium). The 13 supernatant was used for analysis. 14 2.2.5 Cell lysis by toluene treatment (toluene) 15
Cell lysis by toluene treatment was performed following the protocol described by Miller [5] 16 with some modifications. The culture solution was diluted with physiological solution to a 2x 17 2.3.7 Absorbance at 555 nm using CuSO 4 (CuSO4: 0.2-8 mg/ml) 1 Protein measurements were done as described by Schultze [9] with some modifications. 1 ml 2 sample was added to 3 ml 2.5 % (w/v) CuSO 4 . After 5 min incubation at 4 °C and 3 centrifugation (Sorvall, Goffin-Meyvis, Hoeilaert, Belgium), the absorbance at 555 nm was 4 measured. 5
Statistical analysis 6
The quality of the different protein acid extraction methods is mainly determined by the slope 7 of the response variable (absorbance) to concentration of dilution series (linear regression). 8
The lower this slope (less difference in absorbance for the same concentration range), the less 9 sensitive the method. However, the slope is not the only important parameter. Also the 10 variance on the slope should be taken into account. Moreover, the different detection methods 11
can not be compared directly, as they do not give the same response and are not applicable to 12 the same range of concentrations. Therefore each slope is divided by its standard deviation. 13
This value represents the reliability of the method and is independent of any scale. 14 After performing the linear regression, the residuals were calculated. To compare the different 15 combinations of quantification methods and extraction methods, a boxplot of the residuals 16 was generated.
Results and Discussion 1
In the first part of this study, seven different protein analysis methods were tested and 2 compared: 1) UV absorbance at 280 nm (UV280), 2) absorbance at 595 nm using Bradford 3 reagent (Bradford), 3) absorbance at 725 nm using Biuret reagent and Folin reagent (Biuret), 4 4) Bicinchoninic acid method (BCA), 5) BCA assay of Pierce ® (BCA_P), 6) Advanced 5 protein assay (AdvProt), and 7) absorbance at 555 nm using CuSO 4 (CuSO4). 6
To be able to compare the different quantification methods, they were applied on series In the second part of this study, six different protein extraction protocols were tested with 21
Escherichia coli cells, harvested from a chemostat experiment: 1) cell lysis using sonication 22 (sonication), 2) cell lysis using EasyLyse™-kit (Easylyse), 3) cell lysis using BugBuster the more sensitive the measurements are. However, the error on the slope should also be taken 7 into account: a steep slope with a high confidence interval is less desirable than a somewhat 8 more horizontal slope with a small confidence interval. Thus to compare the reliability of the 9 different combinations of quantification and extraction methods, the slopes were divided by 10 their variance (figure 2a). To assess the precision of the measurement/extraction 11 combinations, boxplots of the residuals were generated, after rescaling the response of each 12 extraction/quantification combination between zero and one, so that the residuals have the 13 same scale and are thus comparable (Figure 2b 
